Objective: To examine the association between the American College of Surgeons Committee on Trauma (ACSCOT) quality indicators and outcomes.
T

RAUMATIC INJURIES ARE THE
leading cause of death in patients younger than 45 years and are the fifth most common cause of mortality overall in the United States. 1 In 2000, 10% of hospital discharges were owing to injuries, and the direct cost of treating 50 million injury cases was $80.2 billion, with an estimated additional $326 billion in indirect costs. 2 In light of the substantial mortality, morbidity, and cost of caring for injured patients, improving the care of trauma patients is an important national priority. 3 The release of the landmark Institute of Medicine report on medical errors 4 has resulted in public and private initiatives to improve health care quality through performance measurement and promoting adherence to evidence-based practices. 5, 6 The wide variability in clinical outcomes across hospitals treating trauma patients, 7, 8 even among designated level I trauma centers, 9 is evidence of large gaps in trauma care quality across hospitals. It is unknown to what extent this variability is caused by differences in clinical practice across trauma centers. More than 10 years before the release of the Institute of Medicine report, the American College of Surgeons Committee on Trauma (ACSCOT) created a set of quality indicators (audit filters), based on expert consensus, 10, 11 to measure adherence to best practices and facilitate quality improvement. 12 In 2006, ACSCOT created the Trauma Quality Improvement Program (TQIP) to develop a national reporting and quality improvement program for trauma patients. 3 As part of its mandate, TQIP will seek to identify and validate best practices in trauma care 13 and has proposed several candidate process measures for evaluation and inclusion in TQIP.
poorly performing hospitals can focus on improving compliance with a specific measure (eg, timely administration of antibiotics). Process measures are also an effective mechanism for achieving rapid adoption of new evidence into clinical practice and promoting standardization.
14 However, process measures must first be validated to ensure that improved adherence to a recommended practice standard is associated with optimal patient outcomes. Recent negative findings from studies examining the results of 2 national patient safety projects, Leapfrog Safe Practices Scores 6 and the Surgical Care Improvement Project, 15 highlight the need to establish a strong evidence-based link between practice standards and clinical outcomes before adopting them as performance measures.
In addition to the process measures proposed by the American College of Surgeons TQIP, recent comprehensive reviews of existing trauma quality indicators have also identified candidate process measures for evaluating trauma center quality. 16, 17 Many of the proposed candidate measures are similar to existing ACSCOT audit filters. The 2 largest previous studies investigating trauma audit filters are based on data nearly 20 years old and may not reflect contemporary clinical practice. 18, 19 As part of an Agency for Healthcare Research and Quality-funded study to help develop the national infrastructure for trauma quality reporting, 7 the current study examined the association between existing quality indicators and clinical outcomes using a large population-based trauma outcomes registry. We used data from Pennsylvania trauma centers to examine whether ACSCOT audit filters are associated with mortality and morbidity. Data on the validity of these expert-based performance measures may help inform the development of future trauma performance measures.
METHODS
DATA SOURCE
This study was based on data from the Pennsylvania Trauma Outcome Study (PTOS), obtained from the Pennsylvania Trauma Systems Foundation, on patients with traumatic injuries admitted to Pennsylvania trauma centers between 2000 and 2009. The Pennsylvania population, which makes up 4.2% of the US total population and includes rural and urban areas, provides a representative case mix of injured patients. 20 The PTOS database is a statewide trauma registry that includes data on all trauma admissions at accredited trauma centers meeting PTOS inclusion criteria: admission to the intensive care unit or stepdown unit, hospital length of stay greater than 48 hours, hospital admissions transferred from another hospital, and transfers to an accredited trauma center. 21 The PTOS database includes deidentified data on patient demographics, Abbreviated Injury Score codes and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, mechanism of injury (based on ICD-9-CM E codes), comorbidities, physiology information, mechanisms of injury, in-hospital mortality and complications, transfer status, processes of care, and encrypted hospital identifiers.
PATIENT POPULATION
The study population consisted of trauma patients older than 16 years in the PTOS database, after excluding patients with burns, hypothermia, isolated hip fractures, superficial injuries, unspecified injuries, and nontraumatic mechanism of injury. From this initial cohort of 228 851 patient observations, we excluded patients with missing information on transfer status (291), demographics (174); invalid Abbreviated Injury Score codes (12 732); and patients transferred out to another hospital (4712). The final study cohort consisted of 210 942 pa- 
ANALYSIS
The goal of this study was to estimate the association between the ACSCOT audit filters ( Table 1) and (1) in-hospital mortality and (2) death or major complication. The unit of analysis was the patient. Initial exploratory analyses were conducted using univariate logistic regression.
In the first set of analyses, separate logistic regression models were estimated to test the independent effect of each of the ACSCOT audit filters on in-hospital mortality. We used the previously validated Trauma Mortality Probability Model (TMPM-AIS) 22 modified by the addition of age, sex, comorbidities, mechanism of injury (based on E codes), transfer status, the Glasgow Coma Scale (GCS) motor component score, systolic blood pressure, and year of admission to control for confounding. Backward stepwise selection was used to determine which of the comorbidities to include. Fractional polynomial analysis was used to determine the optimal specification for continuous predictor variables. 23 The STATA implementation of the MICE method of multiple imputation described by van Buuren et al 24 was used to impute missing values of the motor component of the GCS and systolic blood pressure. Model parameters estimated in the 5 imputed data sets were combined using Rubin's rule. 25 Each analysis was based on the applicable trauma patient population eligible for a particular audit filter ( Table 2) .
In the second set of analyses, we tested the independent association between each of the ACSCOT audit filters and death or major complications. We defined this composite complication outcome if any of the following occurred after hospital admission: death, acute respiratory distress syndrome, acute myocardial infarction, acute respiratory failure requiring more than 48 hours of ventilatory support, aspiration pneumonia, pneumonia, pulmonary embolism, fat embolism syndrome, acute renal failure, central nervous system infection, progression of original neurological insult, liver failure, sepsis, septicemia, empyema, dehiscence, gastrointestinal bleeding, small-bowel obstruction, compartment syndrome, arterial occlusion, and postoperative hemorrhage. We controlled for age, sex, injury severity, mechanism of injury, the motor component score of the GCS, systolic blood pressure, comorbidities, transfer status, and year of admission, using the modified TMPM-AIS, as described earlier.
Data management and statistical analyses were performed using STATA SE/MP version 11.0 (StataCorp). Robust variance estimators were used to account for the nonindependence of observations within hospitals. All statistical tests were 2-tailed and P values less than .05 were considered significant. The performance of the logistic regression models (for mortality) was assessed using measures of discrimination (C statistic) and calibration (calibration curves).
RESULTS
BASELINE PATIENT CHARACTERISTICS AND CLINICAL OUTCOMES
The study sample consisted of 210 942 patients admitted to 35 trauma centers in Pennsylvania between 2000 and 2009. Population characteristics are displayed in Table 3 . The median age of patients in the study sample was 47 years and 63% were male. Twenty-seven percent of the patients were transferred from another hospital. The 3 leading causes of injury were blunt trauma (41.4%), motor vehicle collisions (26.4%), and low falls (13.7%). The overall mortality rate for this population was 6.3% and the rate of major complications was 7.2%. The median length of stay was 4 days. Gunshot wounds were associated with the highest overall mortality rates (24%) and the highest rate of death or major complications (34%). Patients with GCS motor component scores between 1 and 4 had mortality rates ranging from 22% to 46%. Patients with significant hypotension (systolic blood pressure Ͻ90 mm Hg) had mortality rates between 21% and 95%.
AUDIT FILTER-OUTCOME ASSOCIATION
The number of patients eligible for each of the audit filters and proportion of patients flagged for nonadherence are listed in Table 2 . The rate of missing data exceeded 10% for 5 of the audit filters, primarily because of missing time elements. The results of the analyses for these audit filters are presented in the Tables but will not be discussed further. Unadjusted and adjusted outcomes for patients flagged by the ACSCOT audit filters compared with unflagged patients are displayed in Table 2 and Table 4 . The statistical performance of the mortality and major complication or death models used to adjust for confounding were examined. Both models exhibited excellent calibration, as shown in Figure 1 and Figure 2 . Both the TMPM mortality model and the TMPM death or major complication model had excellent discrimination, with C statistics of 0.96 and 0.89, respectively.
Process of Care Filters
Twenty percent of patients with an admission GCS score less than 13 did not receive a head computed tomography (CT) scan. This filter was associated with large increases in mortality (adjusted odds ratio [AOR], 4.39; 95% confidence interval [CI], 3.18-6.07) and death or major complications (AOR, 2.76; 95% CI, 2.05-3.72).
Of those patients admitted with a gunshot wound to the abdomen, 8% were flagged because they were managed nonoperatively. These patients had a nearly 5-fold increase in their risk of mortality (AOR, 4.80; 95% CI, 2.95-7.81).
Fifteen percent of trauma patients with femoral diaphyseal fractures were treated with nonfixation. These patients had a 4-fold increased risk of mortality (AOR, 4.08; 95% CI, 2.50-6.66) and greater than 2-fold greater risk of death or major complication (AOR, 2.54; 95% CI, 1.96-3.31).
Less than 1% of patients with an emergency department (ED) discharge GCS score of 8 or less left the ED without a definitive airway. Flagged patients were at higher risk of death (AOR, 1.33; 95% CI, 0.97-1.82) but were less likely to experience the composite outcome of death or major complication (AOR, 0.63; 95% CI, 0.47-0.85).
Only 6% of trauma patients were admitted by nonsurgeons. This audit filter was an independent predictor of a lower risk of death or major complication (AOR, 0.75; 95% CI, 0.65-0.86).
Delay in Care Filter
The percentage of patients requiring a laparotomy that was not performed within 2 hours of ED arrival was 19%. Delayed laparotomy was associated with reduced risk of mortality (AOR, 0.74; 95% CI, 0.60-0.91) but a higher risk of death or major complication (AOR, 1.42; 95% CI, 1.19-1.69).
Documentation Filters
Nearly 40% of patients transported to the hospital from the hospital scene by ambulance or helicopter were missing an ambulance record in the medical record. Patients flagged with missing ambulance records had a lower in-hospital mortality rate (AOR, 0.79; 95% CI, 0.72-0.88).
Hourly documentation of vital signs in the ED was absent in almost 4% of the patients. Missing ED documentation was associated with lower mortality (AOR, 0.75; 95% CI, 0.69-0.82) and a lower rate of death or major complications (AOR, 0.76; 95% CI, 0.69-0.83). Abbreviations: BP, blood pressure; GCS, Glasgow Coma Scale; GSW, gunshot wound; IQR, interquartile range; NA, not applicable.
Complication Filters
Approximately 7% of patients experienced a major complication. There was a nonsignificant trend toward a higher mortality rate in this patient group (AOR, 1.18; 95% CI, 0.98-1.42).
Patients who were flagged because they required reintubation within 48 hours of extubation (8%) were less likely to die (AOR, 0.45; 95% CI, 0.37-0.54) but experienced a nearly 5-fold increase in the risk of the composite outcome of death or major complication (AOR, 4.46; 95% CI, 3.47-5.75).
Missed Diagnosis Filter
Less than 1% of patients were flagged because of a discharge diagnosis of cervical spine injury that was not diagnosed on admission. These patients had a 2-fold higher risk of death or major complications (AOR, 1.96; 95% CI, 1.41-2.74).
COMMENT
In this large population-based observational study of the association between the ACSCOT audit filters and clinical outcomes, we find evidence that 6 of the audit filters are predictive of increased mortality or the composite outcome death or major complications. For some of the filters, the clinical impact appears to be very strong. For example, trauma patients with an admission GCS score less than 13 who did not receive a head CT scan had a 4-fold increased risk of mortality and a nearly 3-fold higher risk of death or major complications. Similarly, patients admitted with a gunshot wound to the abdomen who were managed nonoperatively experienced a 5-fold higher odds of mortality compared with those undergoing surgery. In comparison, there is no evidence that incomplete documentation is associated with worse outcomes.
The ACSCOT audit filters, first introduced in 1987 and then subsequently revised in 1990 and 1993, are based on expert consensus. 11, 18 In comparison with many of the process measures developed by the American College of Cardiology, trauma process measures are not based on data from large multicenter randomized controlled trials. 16 Process measures can be an effective means of promoting best practices 26 and improving quality 27, 28 and have been adopted by several large national initiatives to improve quality of care across a wide spectrum of medical and surgical conditions. 15, 28 However, in some cases, the absence of a strong evidence base linking specific processes of care and clinical outcomes limits the value of performance measures as a tool to improve the quality of health care. 15, 29, 30 Viewed in this light, ongoing efforts by the ACSCOT to evaluate process measures for inclusion in TQIP may benefit from the findings of our exploratory analysis examining the association between existing ACSCOT trauma audit filters and outcome.
COMPARABLE STUDIES
To our knowledge, there are only 2 other large-scale observational studies that have investigated the link between the ACSCOT audit filters and outcomes. 18, 19 Both of these studies were conducted more than 15 years ago, and one did not adjust for differences in case mix. 18 The other study, by Copes and colleagues, 19 was also based on the PTOS database and used a case-control design to control for case mix differences. However, 80% of the au- dit filters examined by Copes et al did not have matches for 20% or more of the patients flagged by the audit filter. Ignoring these observations in the case-control study may have introduced significant bias. 31 The lack of risk adjustment in one study, and the large amount of missing matches in the second, makes it difficult to compare our study findings with those of these prior studies. In addition, the period separating our study from prior studies limits the utility of such a comparison.
ADDITIONAL CONSIDERATIONS
Process measures can be used to improve quality and clinical outcomes by promoting adherence to best practices. 26 Unlike outcome measures, which can identify a quality problem but not its root cause, process measures are directly actionable because they quantify adherence to a practice guideline based on best practices. 32 However, the Achilles' heel of process measures is the lack of strong evidence supporting large areas of clinical practice. 32 Even in the field of cardiology, which has a very strong evidence base grounded in many large experimental trials, nearly 50% of the practice guidelines developed by the American College of Cardiology are based on the lowest quality of evidence. 33 The increasing pressure to create process measures for hospitals and physicians and link these to financial incentives through pay for performance and Centers for Medicare & Medicaid Services value-based purchasing 34 may have important unintended consequences. 35 Recent research findings on the effectiveness of measures designed to reduce the incidence of surgical infections, 15 control blood glucose levels, and improve perioperative cardiac outcomes through the use of ␤-blockers 36 highlight the potential downside of creating performance measures based on incomplete evidence. The challenge facing the ACSCOT in creating process measures for TQIP is to move beyond expert consensus. To do so, the National Trauma Databank should be expanded to include more information on processes of care to facilitate comparative effectiveness research. Beyond this, trauma surgeons may need to consider testing the efficacy of best practices, based on the initial results of comparative effectiveness research, using large multicenter randomized controlled trials. Results of these trials may help provide the evidence base for creating the next generation of ACSCOT quality measures.
The implications of our findings with respect to the future development of process measures for trauma care are not straightforward. Although some of the American College of Surgeons audit filters are strongly associated with increased mortality, these same audit filters may not be suitable as performance measures. For example, despite the finding that there is a strong association between mortality and no head CT scan, it is likely that in many cases CT scanning was not performed because other aspects of care were assigned a higher clinical priority. In particular, patients requiring emergent laparotomy to control hemorrhage may not have time for a head CT scan on admission. Nonfixation of femur fractures may also reflect the need to prioritize clinical care in complex patients with multiple injuries. These issues will need to be addressed by TQIP as they evaluate several proposed measures such as the use of intracranial pressure monitoring in patients with severe traumatic brain injury, time to operative fixation in patients with long bone fractures, and time to hemorrhage control. 37 Failure to carry out specific best practices in individual patients may reflect appropriate clinical decision making in complex patients with multiple injuries as opposed to substandard care.
LIMITATIONS
This study has several limitations. First, this study is based on data from Pennsylvania and may not be generalizable to the rest of the United States. Alternative data sources such as the National Trauma Databank and the Healthcare Cost and Utilization Project Nationwide Inpatient Sample, however, do not include the necessary patient-level information on the ACSCOT audit filters. Second, this study, like other observational studies, is potentially biased owing to unmeasured confounders. For example, the findings that patients with an abnormal GCS score who do not receive a head CT scan are more likely to die may reflect confounding by indication; patients with abnormal neurological examination findings who did not undergo CT scanning may have been too unstable to spend time in the radiology suite as opposed to dying because they did not receive indicated care. It is unlikely that a propensity-based analysis would eliminate this potential source of bias, since propensity scoring can only balance groups using available data and cannot adjust for unmeasured risk factors. Although it is impossible to rule out bias as a threat to the internal validity of this study, the excellent statistical performance of our risk adjustment model reduces the likelihood of this type of bias.
Third, we did not explore the association between the ACSCOT audit filters and functional outcomes. As captured by the Institute of Medicine definition of quality, the goal of health care is to "increase the likelihood of desired health outcomes." 38 Future work to validate revised trauma performance measures should include functional outcomes as one of the quality domains.
Fourth, the ACSCOT audit filters were first designed as quality indicators to identify patients for peer review, as opposed to performance measures to use for hospital benchmarking. However, as is the case with the Agency for Healthcare Research and Quality Patient Safety Indicators, quality indicators originally intended to facilitate peer review are now routinely used for performance measurement. 39 Thus, from a practical standpoint, assessing the validity of the ACSCOT audit filters as performance measures is reasonable. Finally, we examined the association between audit filters that were developed more than 20 years ago and whose relevance to modern trauma management may be challenged. However, some of the process measures currently under review by TQIP overlap with existing ACSCOT measures (eg, deep venous thrombosis prophylaxis and time to operative fixation for fractures). Since TQIP intends to incorporate process measures as part of its reporting system, our exploratory analysis to examine the validity of the ACSCOT audit filters using a contemporary data set should help facilitate the development of an updated set of trauma performance measures. The primary challenge to the construction of process measures for TQIP is the same today as it was 20 years ago: identifying best practices in trauma care using the best available evidence, which unfortunately remains quite limited.
Despite its limitations, we believe that this study will help inform efforts by the American College of Surgeons to develop new performance measures for trauma care. The large variability in outcomes across specialized trauma centers challenges the trauma community to develop standardized treatment approaches, based on best practices, to improve the overall quality of trauma care in the United States. Although performance measurement is an integral part of efforts to improve trauma outcomes, it is imperative that we focus our measurement and standardization efforts on clinical practices that have been demonstrated to lead to better outcomes. The next version of ACSCOT process measures should be based on the best available evidence and should be carefully validated before accepting them as the basis for trauma center evaluation and quality improvement. Because of the complexity of trauma care, the goal of creating evidence-based and clinically valid process measures is likely to prove very challenging. 
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ONLINE FIRST INVITED CRITIQUE
Time to Turn the Page
Moving on to Write New Chapters for Trauma Care G lance et al 1 have provided an excellent and provocative analysis of the relationship between process measures and outcomes for patients with traumatic injuries. Briefly summarized, their study analyzed data collected in a statewide trauma registry for patients hospitalized in trauma centers. The data covered the first decade of our new millennium (2000-2009) and comprised more than 200 000 patients, allowing for robust statistical analysis. Their aim was to examine the relationship between the current ACSCOT quality indicators vs outcomes (measured by death or major complications) of the patients. Their conclusion: many of these old process measures simply do not work to measure quality or have any relationship to the patient's outcomes.
This is an important bit of science, as there is a substantial national push for developing quality measures that will then be both driven down to individual surgeons, for value-based payment, but also available for public reporting of quality at the hospital or surgeon level. Thus, developing a list of quality metrics that are valid and associated with detection of poor quality of care and outcomes is critically important.
In the final analysis, patients, for the most part, really do not care what processes we do or do not do to them; they only care about how well they do under our care. Not surprising, the quality improvement world is moving away from process measures (what actions we take) toward outcomes measures (whether the patient did well) as a measure of quality. The current ASCOT quality indicators (and even some trauma center verification standards) are mostly process measures, developed from a consensus process. The strength of process measures lies in their use as tools to understand differences between trauma centers with good risk-adjusted outcomes and those with poor outcomes and to promote "best-of-breed" approaches to solve poor outcomes. In this respect, they are great to have around. However, good process tools do not necessarily make good quality measures. The weakness of using process measures as surrogates for quality is made obvious by this current analysis, clearly outlining many reasons why we need to refine and evolve our trauma quality metrics. While good and innovative in their day, these process audit filters and standards belong to the history of trauma care. It is now time for us to turn the page and go on to write new chapters.
